The aim of this work was to produce an extract rich in different bioactive compounds from Arbutus unedo L. fruits to enhance its possible valorization and commercialization. The conditions of the main variables of maceration, microwave, and ultrasound assisted extractions (MA, MAE and UAE, respectively) were optimized and compared in terms of its composition (based on the total material extracted, total content in carbohydrates, phenolic and flavonoid compounds) and its preservative potential (based on the response of four in vitro antioxidant assays). The key variables of each extraction technique (time, temperature or power and hydroalcoholic mixture) were evaluated by specific experimental designs using response surface methodology. Mathematical models were developed and numerical optimal values for each extraction technique and response were achieved. Regarding the extraction of target compositional compounds, MAE was the most efficient, closely followed by MA. In terms of its preservative potential, MAE was the most suitable solution, but MA gave similar results at lower temperatures (90 ºC). Globally, MA and MAE were the best options conducting to optimal solutions using reduced amounts of ethanol. UAE required higher ethanol contents (60 %). The results showed alternatives to obtain extracts of A. unedo fruits, supporting their potential to be exploited at industrial level.
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Maceration extraction (ME)
The lyophilized powdered fruit samples (1 g) were placed in a beaker with 20 mL of the required solvent and placed in a thermostatic water bath, at the defined temperature, under continuous electro-magnetic stirring during the required extraction time. The variables and ranges tested were: time (t or X 1 , 20 to 150 min), temperature (T or X 2 , 20 to 90 ºC) and ethanol content (S or X 3 , 0 to 100 %).
Microwave-assisted extraction (MAE)
MAE process was performed using a Biotage Initiator Microwave (Biotage ® Initiator + , Uppsala, Sweden) using closed vessels. The lyophilized powdered samples (1 g) were extracted with 20 mL of solvent. In microwave systems, the pressure and T are correlated and the applied power is linked to the needed t to reach the selected T or pressure. In consequence,
T was selected as the main variable and the microwave power was set to 400 W. Under the selected conditions, the needed t to reach the selected T was always less than 20 s, thus guarantying a fast heating process (this time can be neglected face to the studied extraction time range). Therefore, the final variables and ranges tested were: t (X 1 , 1.6 to 45 min), T (X 2 , 50 to 145 ºC) and S (X 3 , 0 to 100 %).
Ultrasound-assisted extraction (UAE)
The UAE was carried out in an ultrasonic device (QSonica sonicators, model CL-334, Newtown, CT, USA). The lyophilized powdered samples (2.5 g) were extracted with 50 mL at different times (t or X 1 , 5 to 55 min), power ranges (P or X 2 , 100 to 400 W) and ethanol content (S or X 3 , 0 to 100 %), while temperature was monitored in order to be below 30-35 ºC.
Extract isolation and purification
The collected extracts were filtered (Whatman paper filter nº 4) and then dried at 40 ºC in a rotary evaporator Büchi R-210 (Flawil, Switzerland) . For purification, a C 18 SepPak® Vac 3 cc cartridge (Phenomenex) was used. After being activated with ethanol followed by water;
A C C E P T E D M A N U S C R I P T sugars and more polar substances were removed by passing the column with 10-20 mL of water. Then the purified extract was further eluted with 10-15 mL of ethanol. The purified extract was dried at 40 ºC to remove the ethanol and re-dissolved at known concentration.
Evaluation of compositional parts of the extracted material
-Residue material extracted (R) per gram of fruit (mg R/g F dw), was determined following the procedure reported by Mortensen et al., (1989) . Briefly, the water content of the sample was evaporated at 80°C followed by a heating process at 104°C until a constant weight was reached.
-Total carbohydrate content (TS) was determined by the phenol-sulphuric acid method using glucose as standard (Dubois, Gilles, Hamilton, Rebers, & Smith, 1956; Strickland, J.D.H., Parsons, 1968 ) and expressed in mg per g of R (mg/g R).
-Total phenolic content (TPC) was determined by the Folin-Ciocalteu method with some modifications (Pereira, Barros, Carvalho, & Ferreira, 2011) using gallic acid as standard and expressed as mg of gallic acid equivalents (GAE) per g of R (mg GAE/g R).
-Total flavonoid content (TFC) was determined by a colorimetric method as described by the authors (Barros et al., 2010) using catechin as a standard, and expressed as mg of catechin equivalents (CE) per g of R (mg CE/g R).
Determination of the individual time-dose antioxidant capacity for SET and HAT
assays SET (DPPH and ABTS) and HAT (β-Carotene and Crocin) assays are rapid methods in which the indicator and radical species of the reaction can be adjusted to extend or shorten the time of the reaction. These assays are measured at a fixed time to evaluate the color change of the reaction. The initially chosen fixed points have a relevant impact on the obtained final results (Huang et al. 2005 ; M. . Therefore, in SET and HAT assays, to avoid generating inconsistent responses, an intermediate approach for quantification of the
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antioxidant responses was used (Prieto et al. 2014b; Arts 2004) . The non-linear kinetic reactions were summarized by a standardized format in area units and the dose-response results of this area units were analyzed by a mathematical model. Other methodological procedures of those methods were kept as described in literature. Stock solutions, experimental procedure and quantification of the results are briefly described in the subsequent sections.
Stock solutions and conditions of HAT antioxidant-based assays
Stock solutions were prepared and kept in a translucent tube at 4 ºC in darkness. The solvents and other chemicals used for the preparation of both reagents were of analytical grade. The absorbance of both stock radical solutions was measured daily. If any loss of the free radical activity was noticed, the fresh solution was prepared (Ozgen, Reese, Tulio, Scheerens, & Miller, 2006) . Conditions of the reactions and stock solutions are described next:
β-Carotene bleaching inhibition method β-Carotene bleaching inhibition method (βCM) (Marco, 1968; Prieto, Murado, Rodríguez-Amado, & Vázquez, 2012) : 2 mg of β-carotene (βC, 1 µM in the final reaction), 0.25 mL of linoleic acid and 2 g of Tween-40 were dissolved in 20 mL of chloroform, vigorously mixed, followed by chloroform evaporation (45°C/~15 min). To the resulting oily residue 300 mL of buffered Mili-Q water (100 mM Briton, pH=6.5) at 45°C were added. The absorbance at 470 nm of the prepared reagent was ~1.40.
Crocin method
Crocin method (CM) (Bors, Michel, & Saran, 1984; Prieto, Vázquez, & Murado, 2015) : 4 mg of crocin (Cr, 100 µM in the final reaction) and 75 mg of AAPH (7.68 mM in the final reaction) were dissolved in 30 mL of a 100 mM Briton buffer, pH=5.5, in Mili-Q water. The absorbance at 450 nm of the prepared reagent was ~1.40 at 40°C.
Stock solutions and conditions of SET antioxidant-based assays
DPPH radical scavenging activity
The DPPH •+ radical scavenging activity (DPPH): This method was assessed as described previously (Jiménez-Escrig, Jiménez-Jiménez, Sánchez-Moreno, & Saura-Calixto, 2000; Prieto, Curran, Gowen, & Vázquez, 2015; Sharma & Bhat, 2009 ). Briefly, 1,1-diphenyl-2picrylhydrazyl (DPPH) stock solution was prepared in methanol (0.50 g/L). For testing the potential of antioxidants, the stock solution was diluted 10-fold to provide an absorbance of  1.2 units at 515 nm at 30 ºC.
ABTS radical scavenging activity
The ABTS •+ radical scavenging activity (ABTS): This method was assessed as described previously (Obón, Castellar, Cascales, & Fernández-López, 2005; Prieto, Curran, et al., 2015; Re et al., 1999) . Briefly, the stock solution was prepared in distilled water by mixing 4 mM (21.95 mg/10 mL) of ABTS (2,2'azinobis-(3-ethyl-benzothiazoline-6-sulphonic acid)) with 1.5 mM of potassium persulfate (K 2 S 2 O 8 , 4.03 mg/10 mL). In order to convert ABTS completely into its radical cation (ABTS •+ ), the reaction mixture was left in the dark at room temperature for 12-16 h, before use. To test the potential of antioxidants, the stock solution was diluted 22-fold with phosphate buffered saline (5 mM, pH 7.4) to provide an absorbance of  
Normalization of the time-dose response effects
The area under the curve (AUC) (Eq. Error! Reference source not found.), computed by a numerical integration method such as the trapezoidal rule, proved to be a highly robust criterion, able to summarize in a single value the global feature of the kinetic profile.
where i is the number of data measured over time t, R i are the responses along an arbitrary time series, and Δt is the interval between measurements.
Once the AUC dose-response is obtained for all the compounds and methods, the results need to be normalized. However, HAT and SET assays requires different normalizations as described below:
-For HAT based assays, the AUC are normalized against the AUC obtained with the control, leading to the formulation of the relative area units or protected substrate (P) as defined by other authors (Dávalos, Gómez-Cordovés, & Bartolomé, 2004; Huang, Ou, Hampsch-Woodill, Flanagan, & Prior, 2002; Naguib, 2000) for antioxidant responses. The normalized equation for HAT assays can be presented as follows:
where AUC C and AUC A are the area units corresponding to the kinetic profiles found in the absence (control, C) and presence of an antioxidant concentration A, respectively, and S 0 is the initial substrate in the reaction (for the CM 100 µM of Cr
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and for the βCM is 1 µM of βC). Thus, the P value increases with the concentration and the antioxidant power of the compound.
-For SET based assays the AUC provides directly the depletion of DPPH •+ and ABTS •+ radicals. Therefore, the best normalization approach would be to rearrange the response as a function of the reduced radical molecules, as follows:
in which R  is the bleached radical response measured as a function of time (t) and
dose of an antioxidant (A). 0 R  is the initial concentration of the radical form of the compound (for the DPPH the substrate is equivalent to 15 nM of DPPH •+ and for the ABTS is 30 nM of ABTS •+ ). A and C are the AUC of kinetic curves for each dose of the antioxidant (A) and the control (C), respectively. Thus, the R  value increases with the concentration and the antioxidant power of the compound.
Quantification time-dose response effects
Once the time effect is summarized in terms of area units, for both reactions, the variation of P and R  as function of the concentration of the mixture of antioxidants extracted, the Weibull (W) cumulative distribution function (Weibull & Sweden, 1951) was used for assessing the dose-response effects. Thus, the response effect of increasing concentrations of an A can be described in general terms as follows:
where K is the averaged maximum protected substrate, asymptotic value of the response, the parameter V m corresponds to the average number of protected molecules (Cr and βC) or reduced radical molecules (DPPH •+ and ABTS •+ ) per weight of R obtained (µM/mg R for CM
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and βCM, nM/µg R for DPPH and ABTS), and a is a shape parameter related to the slope of potential profiles (a<1), first order kinetic (a=1) and a variety of sigmoidal profiles (a>1).
In addition, the typical value used to evaluate the antioxidant responses, the concentration needed to reach 50% of the maximum protective effect (the so called IC 50 ), was determined (for comparative purposes with other studies) according to Eq. Error! Reference source not found. as follows:
2.6.6. Evaluated commercial food antioxidants
The antioxidant activity of the extracts was compared to that of different commercial antioxidants, which are listed below:
(a) Butyl-hydroxyanisole (BHA, E320): a synthetic antioxidant mainly used as preservative in lipophilic and hydrophilic media. tested. The study of the impact of all independent variables was carried out using one-factorat-a-time, to pick the most significant ones, and to determine their initial range. Through the analysis of the experimental results (data not shown), X 1 (time in min), X 2 (temperature in ºC or power in W) and X 3 (ethanol content in %) were chosen as relevant variables for the RSM design. A detailed description of the selected ranges for the variables chosen in each technique are described in Table A1 (supplemental material section). The solid/solvent ratio was kept constant (30 g/L) in all techniques. Therefore, the combined effect of three variables on the maximization process of the responses (composition and antioxidant power) were studied using a circumscribed central composite design (CCCD). The obtained responses within the use of 20 independent combinations of which six were replicas at central point of the experiment and five levels for each factor were necessary. The mathematical expressions used to calculate the design distribution, code and decode the tested variables can be found in detail in the supplemental section.
Mathematical modelling
The model for the analysis of the produced responses follows this second-order polynomial equation:
where Y is the dependent variable (response variable) to be modelled, X i and X j define the Although the statistical consistent model parameters obtained are empirical and cannot be associated with a mechanistic meaning, they are useful to predict the results of untested operation conditions (Pinela et al., 2016) . The sign of the effect marks the response performance. In this way, when a factor has a positive effect, the response is higher at the high level and when a factor has a negative effect, the response is lower at the high level. The higher the absolute value of a coefficient, the more important the weight of the corresponding variable (Heleno et al., 2016) .
Procedure to optimize the variables to a maximum response
For optimization of purposes, a maximization process of the different criteria responses analyzed by RSM model was performed, using a simple method tool to solve non-linear problems (Heleno et al., 2016; Pinela et al., 2016) . Limitations were made to the variable coded values to avoid unnatural conditions (i.e., times lower than 0).
Numerical methods, statistical analysis and graphical illustrations
The fitting procedures of the equations to the experimental responses data (R, TS, TPC and TFC) and parametric values (parameter of V m of ABTS, DPPH, CM and βCM antioxidant methods) were performed on a Microsoft Excel spreadsheet. Coefficients estimation and statistical calculations according to the proposed equations were carried out in three phases:
1) The estimation of coefficients was obtained by minimization of the sum of quadratic differences between the observed and model-predicted values, using the nonlinear least-
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squares (quasi-Newton) method provided by the macro Solver in Microsoft Excel (Torrado et al., 2013) .
2) The significance of the coefficients was determined by the parametric confidence intervals calculated using the 'SolverAid' model simplified by dropping terms, which were not statistically significant (p-value > 0.05) (Prieto, Curran, et al., 2015) .
3) The uniformity of the model was checked by applying the following statistical assessment 
Results and discussion

Mathematical models derived from the RSM for a CCCD with three variables and statistical assessment of the parametric values obtained and the fitting results produced
The experimental results obtained for the RSM design are shown in Error! Reference source not found., using the responses defined for the composition analysis (R, TS, TPC and TFC) and the V m parametric value for the antioxidant potential of the extracts as assessed by several evaluation methods (ABTS, DPPH, CM and βCM) for each extraction technique tested (ME, MAE and UAE). By fitting the second-order polynomial model of Eq. Error! Reference source not found. to the obtained responses, and using nonlinear least-squares estimations, the parametric values, the parametric confidence interval, and the basic fitting statistics were obtained and presented in Error! Reference source not found.. The resulting models for each assessed extraction techniques are the following: 
Those coefficients, which showed effects at coefficient interval values (=0.05) higher than the parameter value, were consider as non-significant (ns) and were not used for the model For all the studied techniques, and for each response criteria, the linear (except for TFC obtained by UAE), quadratic and interactive effects were found essential. The parameter
values related with the interactive effects of the obtained responses justify the need of the RSM to optimize the extraction responses. If one-variable-at-the-time analysis was performed the strong interactive effects displayed among the variables would make impossible to detect an optimal condition.
In terms of statistical analysis of the resultant fitting of the models to the responses, the lackoff-fit test used to assess the competence of the models showed that the significant parameters functional and adequate to be used for prediction and process optimization.
Predicted patterns of the response criteria assessed
The profile patterns derived from the parametric values predicted by the second order Figure 1 shows the predicted surfaces for the results of the R produced (mg R/g) by the combination of the three involved variables (t, T or P and S) in each technique assessed (ME,
Compositional response analysis
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MAE and UAE). Figure 1 is divided in three columns one for each technique, and each column is divided into two sections (A and B). Section A shows the 3D surface plots for the three possible variable combinations produced. The binary action between variables is presented when the excluded variable is positioned at the center of the experimental domain (see Table A1 , supplementary material). Section B illustrates the capability to predict the obtained results and the residual distribution as a function of each one of the considered variables. The results presented in Figure 1 reveals that ME and UAE techniques, in almost all combinations, provided optimal conditions in which the response is maximized. 2010) . For TFC it is noted that the extraction is benefited with t and T.
-Using MAE technique, the variable t has a positive effect and S a negative effect and the variation of T did not produce an individual significant effect.
-For UAE, most of the responses give optimum values close to the center of the experimental design. Some studies focusing on the extraction of phenolic compounds, such as flavonoids and antioxidants from vegetal origin, have demonstrated the achievement of good efficiencies when using UAE (Ghasemzadeh, Jaafar, Karimi, & Rahmat, 2014; Meullemiestre et al., 2016; Zhu et al., 2017) .
Preservative potential analysis
The preservative effects can be evaluated using a large variety of assays, each one based on a specific mechanism of action, including HAT, SET, reducing power, and metal chelation, among others (Márcio Carocho & Ferreira, 2013; Shahidi & Zhong, 2015) . For this reason, it is important to understand the mechanisms behind the selected assays for a suitable evaluation of the antioxidant potential. ABTS and DPPH are two of the most common SET based assays.
Additionally, CM and βCM are two HAT based assays, appropriate for the antioxidant discrimination between hydrophilic (H) and lipophilic (L) matrices, respectively, which can provide useful information in the study of complex natural extracts containing components with variable degrees of polarity (Prieto, Murado, Vázquez, & Curran, 2013; . Table A2 shows the parametric values obtained for CM and βCM antioxidant assays, whereas Table A3 presents the values obtained for ABTS and DPPH antioxidant assays. These parameters were obtained after assessing the time-dose response of each produced extract at the conditions planned in the CCCD (Table A1 ). The antioxidant responses were characterized by the parameter V m that describes a singular feature of the response and presented in Error! Reference source not
found.. For more information regarding the complexity of the antioxidant evaluation, specific data can be found elsewhere (Prieto, Curran, et al., 2015; Prieto et al., 2013) . The parameter
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A during the cavitation process, and due to the presence of the ethanol that inhibits the formation of the radicals, thus preserving compounds integrity and its bioactivity (Soria & Villamiel, 2010) .
Regarding the comparison between the two HAT based assays, the responses obtained for CM and βCM antioxidant assays provided additional information considering H and L components, which have variable degrees of polarity. In For the ideal individual response presented in part A of Error! Reference source not found.
Numerical optimal conditions that maximize the response criteria assessed individually, relatively and globally
the following general optimal solutions were found:
-For R response, the best solution is provided by MAE (18.4±0.9 min, 50.1±6.4 ºC and 0.0±1.2 % of S producing 806.3±105.5 mg R/g F dw), closely followed by UAE. ME
give rise to the lowest extraction yields.
-For TS, the ME showed the best solution (20.0±3.2 min, 48.9±5.8 ºC and 0.0±0.9 % of S producing 719.0±61.1 mg TS /g R). UAE and MAE showed slightly lower values.
-For TPC, the MAE resulted in the higher contents (41.6±6.8 min, 20.0±0.4 ºC and 0.0±0.2 % of S producing 215.3±17.1 mg GAE/g R), comparatively with the results provided at the optimal conditions for ME and UAE.
-For TFC, the MAE showed the best solution (1.6±0.1 min, 120.0±10.9 ºC and 0.0±1.0 % S producing 81.23±6.34 mg CE/g R), closely followed ME. UAE resulted in the lowest contents.
-For ABTS, the ME conducted to the optimal solution (120.0±1.6 min, 90.0±2.9 ºC and 0.0±2.4 % S obtaining 6.37±0.80 nM ABTS •+ /µg R). UAE and MAE give rise to much lower values than those produced by ME.
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-For DPPH, the MAE was the optimal solution (1.6±0.2 min, 120.0±7.9 ºC and 0.0±6.0 % S obtaining 1.10±0.097 nM DPPH •+ /µg R). UAE and ME conducted to much lower values.
-For CM, the ME corresponds to the best solution (120.0±7.5 min, 90.0±0.6 ºC and (Table A1 ).
Comparative performance of the antioxidant extract from A. unedo fruits with commercial food antioxidants
Commercial antioxidants, such as BHA and BHT, are very often used as additives for preventing and reducing oxidative changes in food. Several authors have pointed out the potential risk associated with the use of synthetic antioxidants (Hocman, 1988; Ito, Hirose, Fukushima, & Tsuda, 1986; Moch, 1986) . However, due to the limitation on the use of synthetic antioxidants and enhanced public awareness of health issues, there is an increasing need to develop and use health-promoting natural antioxidant ingredients in foods (Carocho, Morales, & Ferreira, 2015) . In this context, different antioxidant compounds derived from natural sources have been used as food additives to prevent oxidative deterioration processes (Marcio Carocho et al., 2014) . In this study, the antioxidant activity of the produced extracts The antioxidant capacity of A. unedo fruits extract was lower than the one of the chosen commercial food antioxidants. However, the developed ingredient presented a potential to be used in the fortification and functionalization of food products. Despite presenting a lower antioxidant activity, in comparison with the evaluated commercial antioxidants, it is important
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to note that these fruit extracts are composed of different biomolecules while the commercial antioxidants are isolated pure compounds.
Conclusions
The obtainment of an extract rich in different bio-compounds from A. unedo using three methodologies (ME, MAE and UAE techniques) was optimized by RSM considering the significant variables for each process (t, T or P and S). The response criteria used were based in terms of the composition (extraction yield of R and the content in TS, TPC and TFC) and in terms of its preservative potential (antioxidant methods of ABTS, DPPH, CM and βCM). For composition, although slight differences among the techniques were found, ME proved to be the best technique, followed by UAE and MAE. For the preservative potential, the extracts obtained by ME method resulted more efficient for the ABTS and CM assays and the ones obtained by MAE showed better results with DPPH and βCM.
Although the conventional method of ME was found to be a more efficient solution followed by UAE and MAE, the presented results offer alternatives to meet different process and requirements for target objectives, resulting in flexible solutions for industrial purposes.
Based on these optimized processing parameters it will be possible to produce food ingredients with different properties according to the intended purpose (with high level of nutrients, increased antioxidant properties, or both). Additionally, the equivalent potential capacity of the A. unedo fruit extracts corresponding to the optimal response using ME, MAE and UAE techniques were compared with some commercial antioxidants. Thus, the antioxidant potential of the optimized solutions for the extraction of A. unedo fruit was completely understood for its possible industrial application. The equivalences would provide relevant information on the appropriate concentrations of natural products able to replace commercial antioxidants.
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Captions Figures   Figure 1. Part A: Shows the joint graphical 3D analysis in terms of the extraction residue behavior for the (mg R/g F dw) responses for the optimization of the three main variables involved (X 1 , X 2 and X 3 ) in the ME, UAE and MAE. Each of the net surfaces represents the theoretical three-dimensional response surface predicted with the second order polynomial of Eq. Error! Reference source not found.. The binary actions between variables are presented when the excluded variable is positioned at the center of the experimental domain (Table A1 , supplementary material). The statistical design and results are described in Error! Reference source not found.. Estimated parametric values are shown in Error! Reference source not found.. Part B: To illustrate the goodness of fit, two basic graphical statistic criteria are used. The first one, the ability to simulate the changes of the response between the predicted and observed data; and the second one, the residual distribution as a function of each of the variables. Additionally, for both parts (A and B) , note all the differences in the axes scales.
Figure 2.
Shows the optimized isolines projections for the combination of the three main variables involved (X 1 , X 2 and X 3 ) in the ME, MAE and UAE of the three compositional responses of TS, TPC and TFC (mg/g R) to describe visually the tendencies of each response and guide the selection of the most favorable conditions, considering simultaneously all responses. Each of the contour graphs represents the projection in XY plane of the theoretical three-dimensional response surface predicted with the second order polynomial of Eq. Error! Reference source not found.. The binary actions between variables are presented when the excluded variable is positioned at the individual center of the experimental domain (Table  A1 ). The statistical design and results are described in Error! Reference source not found.. Estimated parametric values are shown in Error! Reference source not found.. Table A1 . Coded and natural values of the optimization parameters used in the response surface analysis applied in ME, MAE and UAE. Three independent variables, extraction time (X 1 : t), temperature or power (X 2 : T or P); and solvent proportion (X 3 : S) are combined in five level experimental design of 14 independent variable combinations and 6 replicates on the center of the experimental domain (20 data points). Table A1 . Table A1 . Figure A1 . Part A: Shows the joint graphical 3D analysis in terms of the extraction behavior of the three compositional responses of TS, TPC and TFC (mg/g R) for the optimization of the three main variables involved (X 1 , X 2 and X 3 ) in the ME, UAE and MAE. Each of the net surfaces represents the theoretical three-dimensional response surface predicted with the second order polynomial of Eq. Error! Reference source not found.. The binary actions between variables are presented when the excluded variable is positioned at the center of the experimental domain (Table A1 , supplementary material). The statistical design and results are described in Error! Reference source not found.. Estimated parametric values are shown in Error! Reference source not found.. Part B: To illustrate the goodness of fit, two basic graphical statistic criteria are used. The first one, the ability to simulate the changes of the response between the predicted and observed data; and the second one, the residual distribution as a function of each of the variables. Additionally, for both parts (A and B) , note all the differences in the axes scales. Figure 1 . Part A: Shows the joint graphical 3D analysis in terms of the extraction residue behavior for the (mg R/g F dw) responses for the optimization of the three main variables involved (X 1 , X 2 and X 3 ) in the ME, UAE and MAE. Each of the net surfaces represents the theoretical three-dimensional response surface predicted with the second order polynomial of Eq.
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[6]. The binary actions between variables are presented when the excluded variable is positioned at the center of the experimental domain (Table A1 , supplementary material). The statistical design and results are described in Table 1 . Estimated parametric values are shown in Table 2 . Part B: To illustrate the goodness of fit, two basic graphical statistic criteria are used. The first one, the ability to simulate the changes of the response between the predicted Table A1 ). The statistical design and results are described in Table 1 . Estimated parametric values are shown in Table 2 . Table 3) . The dots () presented alongside each line highlight the location of the optimum value. Lines and dots are generated by the theoretical second order polynomial models of Eq.
[6] using the estimated parametric values are shown in Table 2 . A C C E P T E D M A N U S C R I P T
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.0 .2 8 6 7 2 .9 .3 7 6 6 3 .4 .6 2 1 9 Table 2 . Parametric results and statistical information of the second-order polynomial equation of Eq.
[6] for the ME, UAE and MAE extracting techniques assessed and in terms of the extraction behavior all responses assessed according to the CCCD with 5 range levels ( Table A1 ). The parametric subscript 1, 2 and 3 stands for the variables involved t (X 1 ), T or P (X 2 ) and S (X 3 ), respectively. Analysis of significance of the parameters (=0.05) are presented in coded values. Additionally, the statistical information of the fitting procedure to the model is presented. A C C E P T E D M A N U S C R I P T 
CRITERIA FITTING COEFFICIENTS OBTAINED AFTER APPLYING THE SECOND-ORDER POLYNOMIAL MODEL STATISTICAL INFORMATION OF THE FITTING ANALYSIS
COMPOSITIONAL ANALYSIS
A C C E P T E D M A N U S C R I P T Table 4 . Estimated numerical values of the parameters (K, V m and a) of Eqs.
[4], after fitting the concentration-response values obtained for ABTS, DPPH, βCM and CM antioxidant assays to the selected commercial antioxidants (CA). The time-dose dependent parameter of V m used as criteria for the antioxidant methods of ABTS (nM ABTS •+ /µg CA), DPPH (nM DPPH •+ /µg CA), CM (µM Cr/µg CA) and βCM (µM βC/µg CA). Note that the units of V m in the βCM and CM antioxidant assays for the RSM samples were in µM Cr or βC/mg of R. Additionally, the potential equivalence at the optimal individual value of the extracts produced for each of the extraction techniques ( Table 3 part A) are displayed against the selected common CA for each of the reactions studied: for the ABTS and DPPH (TRO, AA, PG, BHA, BHT, TBHQ, ETX and TOC), for the CM (AA, ETX, PG, TBHQ and TRO) and for the βCM (BHA, ETX, BHT, TOC and PG). The equivalence is computed in terms of the numerical parameter V m and displays in times less effective that the optimal values of the extract samples are regarding the commercial antioxidant. 
